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SUMMARY 

An analytical study has been conducted to evaluate the potential endurance 
of high-altitude airplanes operating as platforms for observation or communications- 
relay missions. These remocely pilotec', propeller-driven configurations were 
designed with levels of technology assumed to be available in 1990. The turbine 
engines used either liquid hydrogen, liquid methane, or JP-7 fuel. Endurance was 
measured as the time spent between 60,000 feet and an engine- limited maximum altitude 
of 70,000 feet. Performance was calculated for a baseline vehicle and for configura- 
tions derived by varying aerodynamic, structural or propulsion parameters. Takeoff 
gross weight was constrained to be 3000 pounds. The computer program used in this 
study is documented in the Appendix. 

Endurance is maximized by reducing wing loading and engine size. The level of 
maximum endurance for a given wing loading is virtually the same for all three fuels. 
Constraints due to winds aloft and propulsion system scaling produce maximum endurance 
values of 71 hours for JP-7 fuel, 70 hours for liquid methane, and 65 hours for liquid 
hydrogen. Endurance is shown to be strongly effected by structural -weight fraction, 
specific fuel consumption, and fuel load. 


INTRODUCTION 

Results from satellites and aircraft have already demonstrated the value of 
conducting communications-ralay or observation tasks from high altitudes. Aircraft, 
such as the U-2, can provide several hours of continuous local coverage. The 
potential for greater endurance lies with remotely piloted aircraft that do not have 
to accommodate the needs of an on-board crew. Even further increases in endurance 
may be possible with the development of remotely powered systems (using photovoltaic 
cells or microwave-energy transmission) that can provide adequate levels of power. 

Two programs for high-altitude, long-endurance, remotely piloted aircraft had 
progressed to the flight-demonstration phase by the 1970's (ref. 1). The Compass 
Dwell program was initiated in the late 1960's; it produced two vehicles that 
resembled propeller-driven sailplanes. One configuration, which had a piston engine, 
demonstrated endurance greater than 28 hours; however, it could not reach its desired 
operational altitude. The turboprop configuration reached 51,000 feet and had a 
cruise endurance of about 22 hours (ref. 2). Requirements for a higher cruise alti- 
tude and longer endurance terminated this program and led to the Compass Cope con- 
figurations One of these two high-aspect-ratio, jet-powered vehicles reached an 
altitude of over 55,000 feet and achieved a total flight time of more than 24 hours. 
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The purpose of this study is to determine the potential performance of low-speed, 
high-altitude, remotely piloted vehicles developed with 1990-level technology. The 
basic design objective is to maximize flight time (cruise endurance) above 60,000 feet 
altitude. The baseline configuration is a glider-type airplane powered by a turboprop 
engine modified for high-altitude conditions. Liquid hydrogen, liquid methane, and 
JP-7 are each considered as fuel. Parametric analyses are used to show the effects of 
variations in aerodynamic, propulsion-system, and structural characteristics. Calcu- 
lated performance is also used to define the limits of attainable cruise altitude and 
endurance. All calculations were performed with a computer program that is documented 
in the Appendix. 


A wing aspect ratio 

^ 0,0 profile-drag coefficient 

Cl vehicle lift coefficient 

e O-swald efficiency factor 

P power, hp 

S wing area, ft2 

W weight, Ibf 

Hp propeller efficiency 


SYMBOLS 


Abbreviations: 

OWE operating weight empty 

sfc specific fuel consumption, Ibf/hp-hr 

T06W takeoff gross weight 


CONCEPT DESCRIPTION 
Mission 

The primary mission requires the vehicle to fly at altitudes between 60,000 and 
70,000 feet for as long as possible. The minimum altitude reflects the need to obtain 
suitable range for observations or relay transmission as well as to remain above almost 
all air traffic. The maximum altitude results from estimated constraints on the 
engine operating envelope. 
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Baseline Vehicle 


The baseline vehicle Is a turboprop-powered configuration similar to conventional, 
motorized gliders. The vehicle description given in Table I Is sufficiently general 
to apply to a variety of configurations. Two possible designs are suggested In 
figure 1. In each case, a single engine and the total fuel system are located within 
the fuselage. The detailed design of any such configuration can be expected to 
emphasize some conservatism and simplicity because of the need for a high level of 
reliability. A 200 -pound payload Is carried by all configurations. 

Aerodynamic characteristics . - The baseline vehicle has aerodynamic performance 
that Is at least comparable to conventional motorized gliders with non-retractable 
propulsion systems. The wing airfoil sections must operate at Reynolds numbers as 
low as 500,000 and at lift coefficients of .8 to 1.3. References 3, 4, and 5 show 
that some airfoils can meet these requirements and maintain constant, low profile 
drag over the required range of lift coefficient. The aspect-ratio 20 wing Is 
conceived of as having an unswept leading edge and other features to enhance the 
conditions for laminar f'ow. 

Propulsion system . - The engines of this study represent advanced conventional 
designs capable of operation at high altitude. The calculated engine performance 
reflects component performance anticipated for small enqines by 1990 (ref. 6 and 7). 
Characteristics of the fuels (JP-7, liquid methane (CH 4 I, and liquid hydrogen (H 2 )) 
and their associated tank and fuel-systems characteristics are given In Table II. 

The basic JP fuel selected Is a high-thermal -stability, low-aromatic, high-flash-point 
kerosene. A judicious selection of blending stocks is required to maintain low 
viscosity and high volatility to assure the cold-soak operational capability for this 
fuel at high altitude. The basic turboshaft engine incorporates a multi-stage 
compressor driven by a single-stage turbine and a single-stage free turbine driving 
the output shaft through planetary reduction gears. 

The calculated engine performance Is described in figure 2 as a function of 
altitude for various power settings. The engines are designed to maintain an output of 
constant horsepower versus altitude (flat rated) up to an altitude of 10,000 feet. 

Flat rating allows a better horsepower match for the aircraft because of the inherent 
excess of available horsepower during low-speed, low-altitude operation of a turboprop 
engine. Specific fuel consumption Is calculated as a function of horsepower and fuel 
flow. 


The use of a cryoge.ilc liquid fuel, such as methane or hydrogen, warrants design 
changes to the fuel systems, combusters, turbines, and cooling requirements. The 
fuel flow for either cryogenic fuel is obtained from figure 2 (b) by using a ratio of 
the respective fuel heating values (ref. 8 and 9) to that of the basic JP-7 fuel. 

Shaft horsepower values for the cryogenic fuel have no adjustments for variations in 
fuel mass density or cooling flows. No component rematching nor engine weight changes 
are made as a result of fuel changes. 

A constant-speed, variable-pitch propeller Is assumed to operate at np = 0.8 at 
all altitudes. Such a propeller would be optimized for the low Reynolds -number 
environment at high altitude. 

Fuel tank . - Fuel tank characteristics were defined after a separate study was 
conducted to determine the combined effects of tank weight, insulation characteristics, 
and operating pressure on vehicle endurance. The fuel tank for cryogenic fuels is 
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assumed to be an aluminum cylinder with hemispherical ends. The ratio of total length 
to diameter remains at a value of five. The tanks are maintained at a differential 
pressure of 50 Ibf/in^ by allowing fuel to vaporize and vent. The cryogenic tanks 
are surrounded by foam insulation (s < inches for liquid hydrogen and three inches for 
liquid methane) which has thermal conductivity of 0.00867 Btu-ft/hr-F°-ft2 and density 
of 2.3 Ib/ft^. Heat transfer is assumed to occur only due to conduction from air at 
local ambient temperature through the wetted area of the tank (ref. 10). 

Structural weigh t. - A simple set of structural weight parameters was chosen to 
represent a vehicle built with advanced fabrication methods and materials. The data 
of figure 3 are taken from references 11 to 13. This indicates that current motor- 
gliders require about 50 percent of takeoff gross weight for structure. A weight 
fraction of less than 40 percent should be attainable if advanced materials and design 
features, such as lifting struts, are used in combination with reductions in design 
load factors (appropriate for unmanned, moderately flexible airplanes). Forty 
percent of takeoff gross weight was therefore allowed for structural and systems 
weights 


Flight Profile 

The vehicle flight profile consists of three segments, each flown at constant 
lift coefficient and constant power setting (Table I). This procedure reflects the 
concern for simplicity appropriate for this class of remotely piloted vehicles. The 
first segment is a climb from sea level to 40,000 feet altitude with a lift coeffi- 
cient of 0.8 and with the engine operating at 25 percent of the maximum power avail- 
able. The low power setting and the engine power-lapse with altitude combine to 
give adequate climb power at airspeeds that avoid dynamic-pressure limits for the 
structure. At 40,000 feet, the power is advanced to 100 percent, and the lift 
coefficient is changed to 1.0 until the rate of climb is zero. If the vehicle 
cannot climb to 60,000 feet in this configuration, the calculations are terminated. 

If zero climb rate is reached above that altitude, then vehicle lift coefficient is 
then changed to 1.2 and the power setting is adjusted to achieve trimmed, equilibrium 
flight. The vehicle continues in a simple cruise-climb mode unless it reaches 
70,000 feet. At that point, the power setting is retarded to maintain 70,000 feet. 


DISCUSSION OF RESULTS 

All performance values presented herein were obtained with the computer program 
given in the Appendix. Flights terminated when the fuel was totally exhausted. This 
procedure provided a consistant, though extreme, point of comparison. Insufficient 
data exist to validate the present analysis with experimental flight tests. 


Baseline Configuration and Nominal Flight Profile 

The calculated performance of the baseline configuration, with either JP-7, 
liquid methane, or liquid hydrogen as fuel, is described by the sample program 
output in the Appendix and by computed results presented in Table III and figure 4. 
These flights include climb from sea level to the initial altitude for cruise-climb 
and then cruise to the point of fuel exhaustion. 
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Characteristics of the flight profiles from sea level to 60,000 feet are shown 
in figure 4 for the baseline configurations using each of the three fuels. At 
60,000 feet the vehicle fueled with liquid hydrogen has the greatest percentage of 
remaining fuel for cruise. This fact and the greater weight of the liquid-hydrogen 
tank give that vehicle the heaviest wing loading at the start of cruise-climb flight. 

As indicated in Table III, the cruise performance for the three fuels is 
remarkably similar. In each case endurance is about 43 hours and still-air range is 
about 6400 nautical miles. The greatest relative difference is in final altitude. 

The JP-7 fueled vehicle reaches 70,000 feet and has the lowest weight at fuel 
exhaustion; the 1 i quid- hydrogen fueled configuration is limited to about 65,000 feet 
because of its significantly heavier fuel tank. The performance of the hydrogen-fueled 
vehicle is also affected by the loss of about 24 percent of the initial fuel load due 
to boil-off duri.ig the flight, (The fuel system design was developed to maximize 
endurance based on the effects of boil-off and the weight and complexity of tank 
insulation and pressurization.) Boil-off for the liquid methane is negligible. 


Balloon-Assisted Launch 

A slight advantage in endurance and range may be possible if the vehicle is 
launched from a balloon. The data of figure 5 is optimistic because fue’ boil-off 
below '.he launch altitude is not considered. This could be large in the case of a 
lengthy balloon ascent with cryogenic hydrogen in the fuel tanks. 


Power Loading and Wing Loading 

Variations on the baseline configuration were considered in terms of simple 
variations in the relative engine size and wing size at constant vehicle weight. 

The baseline vehicle has a wing loading of 8 Ibf/ft^ and a power loading of 0.22 hp/lbf. 
Variations in engine size produce variations in power loading with consequent changes 
in engine and fuel weight. Changes in wing loading do not effect the structural -weight 
fraction; allowable load factor is therefore affected in an undefined manner. The 
resulting configurations are all considered to be individual designs rather than just 
modifications to the baseline vehicle. Extreme combinations of power loading and wing 
loading may not represent reasonable design points but can be used to define trends. 

All vehicles have the aerodynamic and structural characteristics of the baseline 
configuration and use the baseline schedule of throttle and lift-coefficient settings. 

Each of the next three figures (figs. 6, 7, and 8) shows the effect of wing 
loading and power loading on performance for one of the fuels. In each figure, 
endurance increases with decreases in wing or power loading. For a given power 
loading, there are associated limits on wing loading that define the end points of the 
data curves. If wing loading is too high, the vehicle cannot meet the criteria of 
initiating cruise-climb at or above 60,000 feet. If wing loading is too low, the 
minimum throttle setting produces too mucn power at low altitudes. This, in turn, 
leads to airspeeds in excess of estimated structural limits. 

Maximum endurance boundaries for configurations using the three fuels are 
presented in figure 9. They show that maximum endurance decreases with increased 
wing loading. These boundaries are all produced by the criterion requiring cruise- 
climb initiation at or above 60,000 feet, (The endurance limits would be increased 
if the criterion were relaxed.) Results show that vehicles using eith.>r JP-7 fuel or 
liquid methane can be designed to reach the same endurance limits. Configurations 
fueled with liquid hydrogen can be designed to have only slightly better values of 
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endurance at wing loadings above 7 Ibf/ft^. Based on considerations of the assumptions 
and analytical accuracy, the maximum endurance limits are virtually the same for all 
threo fuels. 

The effects of winds and other factors limit the combinations of power loading 
and wing loading that can be considered to be practical. The constant-endurance curves 
of figure lu are intersected by several limiting lines. If reliability considerations 
dictate a single engine design, the limits of engine scaling produce power-loading 
limits of about 0.16 to 0.27 hp/lbf. The headwind limit is associated with the cruise 
airspeed of the vehicle. Data from reference 14 define values of windspeeds that are 
exceeded less than one percent of the time over the contiguous United States. At 
60,000 feet, that windspeed is about 30 knots equivalent airspeed; at 70,000 feet, it 
is about 20 knots equivalent airspeed. During cruise, wing loading is reduced as fuel 
is consumed. The constant lift coefficient results in a reduction in airspeed for 
trimmed flight. The headwind limit on figure 10 denotes configurations that could not 
maintain station against these headwinds. Increasing vehicle airspeed by decreasing 
lift coefficient would move this boundary to lower values of takeoff wing loading. 

The requirement to maintain any given groundspeed against these headwinds (in order 
to change station) would result in a boundary at signi ricantly higher values of takeoff 
wing loading. 

Based on estimated wind and propulsion limits, maximum endurance for any fuel is 
achieved at the lowest allowable values of engine size (i.e., power loading) and wing 
loading. A lower limit for power loading of about 0.16 hp/lbf results from engine 
scaling considerations. At that limit, the maximum endurance values are approximately 
71 hours for JP-7, 70 hours for liquid methane, and 65 hours for liquid hydrogen. The 
baseline configuration is conservatively designed and, consequently, has lower 
endurance (43 hours). 


Parameter Sensitivity Studies 

The relative significance of changes in the configuration is illustrated in 
figures 11 and 12. The computed results for JP-7 fueled vehicles in figure 11 indi- 
cate that the greatest improvements in endurance are achieved with decreases in 
structural weight fraction, decreases in specific fuel consumption, and increases in 
fuel-load. Most aerodynamic-performance parameters, such as cruise lift coefficient 
or profile-drag coefficient appear to have comparatively small effects. The more 
significant sensitivities for vehicles using JP-7 and cryogenic fuels are compared in 
figure 12. They indicate that the sensitivity trends are virtually the same, 
regardless of fuel type. 


CONCLUSIONS 

An analytical study has been conducted to evaluate the potential endurance of 
remotely piloted, low-speed, high-altitude, long-endurance airplanes designed with 
1990 technology. The baseline configuration was propeller-driven, sailplane-like 
airplane powered by turbine engines that used JP-7, liquid methane, or liquid hydrogen 
as fuel. Endurance was measured from the time at which the vehicle reached 60,000 feet 
of altitude. Engine constraints were presumed to limit all configurations to 
70,000 feet. Vehicle takeoff gross weight was constrained to be 3000 pounds. The 
results can be summarized as follows: 
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1. When engine size is adjusted to maximize endurance for o given wing loading, 
maximum endurance limits are virtually the same for all three fuels. 

2. Sensitivity studies with the baseline configuration show that the three best 
ways to increase endurance are to reduce structural weight, to reduce specific fuel 
consumption, and to increase fuel load. 

3. Maximum endurance is achieved by minimizing both engine size and wing loading. 
Constraints due to winds aloft and propulsion system scaling result in maximum endur- 
ance values of approximately 71 hours for JP-7 fuel, 70 hours for liquid methane, and 
65 hours for liquid hydrogen. 
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APPENDIX - COMPUTER PROGRAM FOR PERFORMANCE CALCULATION 


The computer program used in this paper is documented in this appendix. A 
listing of the program and sample sets of input and output data are given here. The 
sets 0^ input and output variables are described in the output listing and by docu- 
mentation within the program itself. Inputs are made by the unformatted "NAMELIST" 
method. The program was written in FORTRAN IV for use on a CDC 6600 computer system. 
The program contains all the interpolation methods and data tables required to make 
it independent of any special library subroutines of the host computer system. 

Climbing flight starts at altitude HSTART at designated values of Cl and power 
settings (CLl and KPOW, respectively). The climb equations determir? a value of 
flight-path angle at an incremental increase in altitude. The vehicle weight is 
adjusted to allow for fuel consumption between specified altitudes. Iterative 
adjustments in both flight-path angle and weight lead to a consistent set of these 
parameters at each increment of altitude. At the second event altitude, H2, the 
throttle is changed to be full open and C|^ is adjusted to the value for CL2. This 
procedure compensates for effects that decrease rate of climb with increases in 
altitude. 

Cruise climb is initiated at either the input cruise altitude. H3, or the alti- 
tude at which the rate of climb is zero. The program uses CL3 as the CL for cruise- 
climb. The power setting is adjusted to achieve trinmted, equilibrium flight. 

Vehicle weight is computed for equilibrium flight at each altitude. If the vehicle 
could climb beyond 70,000 feet, the power setting is adjusted to maintain that 
ceiling for ten (10) identical increments of fuel weight. 
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PROGRAH CMAAP< INPUT#HITPUT,TapE9" 
PR06RAH FOR CALCULATION OF FLIGHT 

DIHFNSION ARCI5>» ACB(3)» SFCTANK 
OlNFNSinN SFCVOLH) 


NPUT#TAPE6) 

PROFILE AND ASSOCIATED PARAMETER 
3 ) 


COHNnN/BL/RQlL»ROILTtPnTLA 

COMMON /AERO/ Cl»r.n»RHn,S» P»THRUST»HA*H9»VA 

COMMON /ENG/ PAC*ETAPa» KPOWySFCENG, SFC»SFCA» FLOW»FLnUAf PONSET»KFUE 
IL»HMA* 

COMMON /WEIGHT/ W A tOW^ WR# WFIJ^L# WF* WO 

COMMON /start/ AG0LD»DFLH. gamma* KK»KC»KEC»RFUEL»RC#V»VX fVKT»T»TH*X 
l»KOOF#KALT*»(G,KnUNT 

COMMON /ATMO/ ALTT(<*),P1<!5»,P2(15)*01 a5»,02(l5|,ALT(l5»»TKUI» 

, PR0PTC?»«*6» 

CnMMnN/SYS/TA,RMA,TlN»RM!N,RAniUS»VOLTANK»ARFAT#RATTO#CONOUCT 

COMMON/PIC/PI 

NAMFLIST /of/ TOTALWC, wPAYLD»HSTART.CL 1»H2»CL2»H3»CL3»COO# AR»W0S#K 
lFUEL»ENGSI7F*ETAP*PAC*KPnw»KGW*GW*KP0WCC*SWF,SFCTANK*0FLTt*nELHI 

namfi ist/in/conouct,psi*ratiu,ta,rma*tin*rmin*wsvs 

PESCRITION OF INPUT VARIAPLES 
AR- ASPECT RATIO 

rLl»Cl2»CL?.- VEHICLE LIFT COEFFICIENTS SET AT ALTITUDES Hl.H2»AN0 
H3, RESPECTIVELY 

con- VFHICIE profile-drag CnFFFICIENT 
ENGSIZE- ENGINE SUE* SHP 

FTAP- PROPELLER EFFICIFNCY FACTOR ((THRUSTPYELOCITYI/POWER) 

GW* GROSS WEIGHT, LB 
HSTART. STARTING ALTITUDE* FT 
H2»H^« FVFNT ALTITUOFS* FT 

PAC* RAYLOAO and systems power REOUIRFO from ENGINE* SHP 
KFUFL* I FOR JP7. 2 POP LIQUID CHA* 3 FOR LIQUID H2 
RGW* 1 FOR SPECI»1E0 GROSS WEIGHT AND NOT * 1 FOR SPECIFIED FUEL 
KPOW* 0 FOR OPEN OR AUTOMATICALLY SET THROTTLE* I FOP MAX POWfcR* 

2 FOR POWER* 3 FOR 50T POWER* AND A FOR 2^X POWER 
RPOWCC* POWER CODE FOR CRUISE CLIMI! 

SWF* structural weight FRACTION (WEIGHT OF STRUCTURE AND SYSTEMS/ 
OF STRUCTURE* SYSTEMS* PAYLOAD* FUEL* FUEL SYSTEM, AND PROPULS 
SYSTEM) 

TOTALWF* TOTAL WFIGE'T OF FUFL* LB 
W0$* WING LOADING* W/S* LF/FT2 
WPAYLD* PAYLOAD weight* LB 


CONDUCT* conductivity, .ITU-FT/HR-OEGRIE F-FT2 
PRESSURF* PSI 

RATii). FINESS RATIO OF THE TANK L/0 
TIM* THICKNESS OF INSUl ATION, INCH 
TA* THICKNESS OF ALUMINUM* INCH 
RM1N*DENSITY of INSULATnH»LBF/FT2 
RHA • DFNSITY OF ALUMINL M* LBF /FT 2 
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ORIGiU/.L . 

OF POOR QUALIIY 


DATA TOTALWP# WP AYLO»HST AI»T »CL l» H2»C L2» H3»CL3i»COO» AP »M0S»KFUEL» ENGS 
lIZF#eTAP»PAC»KPOH»K6W»6W»KPOWCC»SWF/1000«»200»»0»0» «PO»AOOOO-»! »0» 
270000. »l.?» .019»20,»G.»l»«>60,» .8»2.»3»l»3000.»3».A/ 

PATA DFLTI»0ELHm000.»900.Y 
f 

PATA Aff»/10HJP7 .lOHNETHANE flOHHYDROGEN ! 

r 

C <CCTANK» TANK WEIGHT «>FP UNIT FUEL WEIGHT 

C SFCVOL- PIIFL VOLUME PE» UNIT FU«=L WEIGHT# FT3/L8 
f ....FOR JP7»CHA»THEN H2 

C 

PATA SFCTANK/0.0"99»0.2AA1 #1.241/ 
data SFCVnj /0.0220#0,0410#0.2900/ 
f 

r PATA PESCPIRING 10/.2 AT»»nSPHERF IIN METRIC UNITSI 

C 

C TEMPFRTURFS# TK, GIVEN TN PFGPEES K AT ALTITUDES# AlTT# GIVEN IN K 

C PRESSURES AND DENSITY DATA FOR EXPONENTIAL CURVE-FIT METHOD LISTED 

C IN TABLES Pl#R2#0l» ANP 02 FOR ALTITUDES <ALT) GIVEN IN KM 

C 

DATA ALTT/0,# ll ,»20.# 3?./ 

PATA TK/?PB.19»216.65»216.69»22B,65/ 

PATA PI/, 11B3B2401#. 11P3B2 40 l#«ll 79 B3R 90# .11731 3461#. 1163 07412#. 11 
1 9262 46«, .1166 34 012, . 121226 4 11..12M32247, .129B7 3961#. 132B1946fl#.13 
29055070# .139009744, ,141631531# .143B4007/ 

DATA P2/.146«l3l#.1460131# .1567744, ,16 79402# . 1P0524B# .1909742# .178 

14075. . 1402350. . 1051933. . 0P 1B076, .0654437, ,0502612# .0359258# .025001 

27. . 0165073/ 

DATA PI/ ,00586 *8, . 0 05 06 48, , 0055 3 324# , 094 9925 34, .094171454, .0933534 

18. . 066937005. .07707. .0R7963«45, . 09610994, , 10271 3697, , 1044 54366, . 11 
207P9 734,. 116073091, .120579001/ 

DATA n2/,1106O, .11H69, .126 0793, .1350911,, 1462546,. 1544343#. 3945041 
1# .3101418# .2323292, . 1809161, .144673,. 1359697# , 1071724 #,0851547,. 06 
278277/ 

PATa ALT/0.,2.,4,,6.,p.#10».11,»12.,14»,16.#18.,20.,22.#24.,26./ 

r 

f PSnRT- THEPMDOYNAMIC properties of liuuio hydrogen, 

c AND LIQUID methane , 

f PRflPT for llQUin METHANE#TEMPERATURC DEGREE K#PRESSURE KN/N2# 

C DENSIPTY KG/GN3, ENTHALPY kj/kG. 

C PPOPT FPR IIOUID HYDROGEN DECREE K#PRISSURF MPA, DENSITY KG/M3 

r <LI0UI0»GAS >, FNTHALPY KJ/KG (LIQUID# CASK 

C 

DATA((PR0PT(1, I,J|,J*1#6|#I«1#9| / 

. 100. #34, 8 56# ,441# .000685 #3063. I# 12469. 2# 

. 105. #« 7, 249#, 433 #.000825, 4235. 9# 1 262 1.0# 

, no.# 89.267, ,426# ,001 61 1 # 451 1 , 2# 1 2754,9, 

. 115,# 133,648, .419,. 002334, 4789., 12070.4, 

. 120.# 193.024, .412#. 003274, 5070. 2# 12994. 7# 

. 125. #2 70, 436#, 404,. 004466# 5395. 5, 131 04, 3# 

, 130. .368,924, .397# 0.005977# 5645,5# 1 3208, I# 

• 0.#0.#0.#0.#0.#0.#0.#0.#C.#0.#0.#0./ 
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PATA < (OROPTI?# I. 

»20.26P».1013»70.7fl64»l.337a»-256.2< 1P9.3* 

»2l.».12 50»6<».OA03»l,6l«O#-2Ae.B»l«)3.» 

»22,» .l63^»6B«7200»?,0711,-237,q»ig7.2» 

»23,, .20q6#f7. Al<»q,2,61iq,-226.3»200.5» 

»?4.» .2ft45»66.Oll2»3.25A0,-2l3.8»2O2.ft» 
»25.#.328fl»6A.4qi7»A,0l71»-20O,^>203.6» 

»25.#.AO35,^2.0 337,<.,q21‘S,-lp5.q, 203.1# 

• o.#o.*o.#o.*o.#o.»o.»o.#o.#o.#o.#o./ 

C 

PAT A TA» T I N»RHA»PmN# CONDUCT# PSl# RATIO/ 

. .15#6,O#172.B#2,3#0.OOe/“7#5O,#4,/ 

r 

C 

r CODE^i KC • 1 FOR AIT. TNCREMFNT ENDING IN FUEL FXHAUSTION 
C KEC- EVENT CODE! • 1 FOR CONFIGURATION CHANGE 

C KALT- NUMRFi^ QF ALTITUDE INCREMENTS 

C •'K- CYCLF COUNTERI CPITER ON F0» PRINT-OUT OF RESULTS 

C 

I -1 

on 62 I-l#7 

C change unit OFGRF.E F#‘>SI.LB/FT3.BTU/LBM 
PPnPT(L»I#l)«PR0PT(L#I#l)*l,M-A59,67 
PROPT(L»I# 2»«PR0PT(L# I#2) /6.B9A757 
P90PT<L#I#3)»PR0PT(L#1 #31*62.420 
PR0PT(L#I»4).pflnPT(L#I»4)*62.428 
PP0PT(L#I»5)«PRnPT(L» I #51/2.32597 
PR0PT<L#I#6)«PR0PTCL#l#6)/2.32597 
62 CONTINUE 
C 

L-2 

DO 6P t«I#7 

C CHANGE UNIT DEGREE F#PSI»LR/FT3»BTU/LBM 
P9nPT(L#I#ll»P*CPTfL#I#l)*l.«-459.67 
PROPTIL# I# 2)»PR0PnL»T #21*145.04 
PROPT IL#I# 31 -PR0PT(L#1# 31*0.06242(1 
PBOPTU# I #41-PR0PT(L# I #41*0.062428 
PROPTU# I, «1«PR0PT(L#I# 5 1/2.32507 
PR0PT<L#I#61*PR0PT(L#I#61/2.325O7 
60 CONTINUE 

PI-3.14159265 
DP lOP KFL-2.3 

CALL INTERP<PSI#PR0PT#KFL#1) 

CALL 1NTFRPC14.69#PR0PT#KFL»0» 

108 CONTINUE 

C 

77 READ I5#421 ABC 

IF tEDFIBll 41,2 

2 READ C5#0Fl 

READ I5#IN) 

TA-TA/12. 

tIN.TIM/12. 

R»0Wff-3 

f 

FLON-O. 

TMCN-0. 

ENIlU-0. 

8011*0. 


or?;.: 

OF 




Poor? QUALITY 
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o r> > r> r> o 


f»nUT- 0 . 

FTAP 2 - 6 TIP 

INITULIZE »»ARAHFT6«S 

ct-:ii 

A6(H:>-6A'!M«>9FUEL*0. 

RC»v*vx*y. 

VKT-0. 

TaTHaX*0. 

fiFLH-OFLTl 

KK «-1 

KCaKFC«K0OF«KnUNT*0 

KPOW-4 


ORIGIKAI F/ - * 

OF POOR QUALiH 


FHPIRIC4L 40J0STHFNT TO n$rwALD EFFICIENCY FACTOR# 

FPCFNG-FNfiSIZ6/690. 

WP*0PUL«(«tFC£NG*225. »*1.3*70, 

r 

f WEIGHT calculation 

r 

IF (KGW.NF.ll GO T3 9 
C GP05S WPIGHT SPECIFIFD 

WSYS»GW*n .-FWF )-WPAYLO-WPROPljL 

if(kpufl.fo.i) go to ei 

CALL SySTFH|PR0PT((KFUEL-ll#9»3>#WSYS»WFUFL#l) 
r,n TO 82 

81 WFUFL'WSYS/a.^SFCTANK (1)) 

VOLTANKaSFf VOL< WFUELMWFIIEL 

82 totalwf-wpufl 

WTPTAL»«W 
GO TO A 

r CIJEI^ weight speci^ifo 

« wfuel-totalwf 

IFIKFUFL.FO.I ) GO TO 00 

VOLTANK»(WFU«-l/PROPTHWFUf L-l)»9»3) »/.« 
P3aVOLTANK/(PM(2.P>ATIO-»( A*/3. )}} 
PAniltS«»3**Cl./3.) 

CALL SYSTtH(P90PT((KFUEL-l )#0»3>»WSYS. WFUEL»2I 

WTANKaWSYS-WPUFL 

GO TO 01 

00 WTANK«WF>IFL*SFCTANK(KFUEL) 

woltank-sfcvqkkfuelipwfuel 

01 WTOTALa(WPAVLO^WFUEL«WTANK«WPROPUL ) ft 1 .'SWE) 

h WD»WTOTAL-WF'IFI. 

WFawn-WPAYin 

HlaWTOTAL 

WF-TOTALWF 

C 

C COMPUTE VOLUMES 

r 

02 V0LPAVL«VPAYLP/22*9 

C »AYLOAn OFNSITYl 22.918/CU FT. 

VOLMNaO. 
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ORfG'f'JAL PA2£ J3 
OF POOR OiJALITY 


IP IHSTART.60.0.) SO TO 7 

CALL «ALL0nN (HSTART» WTPTAL» VOLBN » 

7 CONTINUe 
VOLF-0. 02831635 

vtankh-voltankavolf 

VOLPNM-VOLRNAVOLP 

VPAYLH-VOcPAYL^VniP 

r 

C PRFPA8F VEHICLE DESCRIPTION DATA FOP HEADING 

C 

S-WTOTAL/WOS 
ACK-1,/ (PI*AR*E ) 

SS»S*0.0920 

SWPAYLD«WPAYL''AA,A9fl22 

SKWSL-FNGSIZFP0.7A57 

SUFUFl -UPUFL^A, 66822 

rC"0. 0003068 

HSTAPTS»HSTAPT*CC 

H2S»H2*CC 

H3S»H3*CC 

H6S-21.3 

M6S«H3S 

HHSTAPT-M5TART/1000. 

MH2-H2/1000. 

HH3-H3/100P. 

HM6-70. 

wnss»wns*67, 88026 
SWF«VF*6, 66822 
SPAC«PAC*0,7656 
SWICTAL-WTHTA 1*6.66822 
WRITE (6»66) ARC 

WRITP (6*65) ACR(KFUEL ) * AR» S* WPAYLO*SUPAYLD#ENGSIZE*E * SS* WFUEL*SWF 
IUFL»CL»HHSTART»HH2,HSTARTS *H2S»SKWSL»CDO*wnS»WF*SWE»CL2»HH2»HH3»H2 
2S»H3S*PAC»SPAC*WOSS*WTOTAL»SWTOTAL»CL3#HH3»HH6»H3S*H6S 
WRITE (6>6M VOLPAYL*VPAYIM,VOLTANK,VTANKH#VOLBN#VOLBNH 
Cn»CDC«ACK*CL3**2 

wons»wo/s 

CALL ALT**AK (WD0S.CL3»C0*KFUFL»SFCENGf PAC*FTAP»W0»MNAX,KP0WCC*0,» 

r 

WRITE (6,63) 

C 

GAHHA-0. 

kalt-o 

H-HSTART-rtELM 

C 

C KALT IS 1 FOR INITIAL ALUTUOF 

8 KALT»paLT*1 
flowi-flow 
ROILI-BOIL 
RCl-RC 
V1*V 
VXl-VX 
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ORIGINAL PAGE !3 
OF POOR QUALiry 


C 

c change altitupf 

G H 0 «H 

IF IA«S<H- 60000 .).LT. 50 .) THCN-TH 

10 H«H*OFLH 
HKM«M*CC 

TAIL FKPfNT IALT* 01 . 0 ?.n»HKM,SIGNA»K 00 EI 

CO-CnO^ACK*ClP*? 

ooi-rp/rt 

CALI ENGINE (H,KFUtL»KPOWtPOWERT»FLQW# SFC»K 00 E#SFCENG»F 0 «SFT 1 
CALI PF.»TK»MFUEL»B 01 L»H,KFUEL) 

POWEF-POWFBT-PAC 
IF JKnOE.EO.U G-) TO 40 
f 

C ITEPATF ON TOTAL WEIGHT 

11 W-Ml 
KG»P 

C 

C KG IS N 0 « OF TINES THROUGH GANNA CYCLE AT EACH ALTITUDE 

C ITFPATP ON GAMMA 

12 KG-K 6 -H 
GI-GAMMA 

0 -W*CnSIGANMA) /ICL*S) 

V« 2 <», 0 *S 0 RT(Q/SIGMA ) 

THRUST-FT4PAPOWFP4550./V 

r 

r TEST FOP KC» l» WHICH INOICATFS FUEL" 0 

IF fKr.rO.l) 60 TO 17 
C 

r COReFCTIOM FOR ACCELERATION ALONG FLIGHT PATH 

GF-l.O 

IF <KALT.FO.l.OP,KEC.f 0 , 1 ) GO TO 13 

VAG*(V 1 "V) 72 . 

nFLV*Vl-V 

CF.l,+VAG 40 ELV 7 (f)FLH 412 ,l 7 ) 

C 

C gamma is ARCTAN of (<T- 0 )/(L * ACCFL FACTOR)) 

c 

13 RLTFT-CL4S40 

TO*. •THRUST/RLIFT 
VGANNA-ITOI-OOD/CF 

IF (V 6 AMNA.LT.. 001 .AND.VGANNA.GT.-. 001 ) GO TO 32 

IF (vganna.lt.o.) go to 15 

GANrA-ATANIVGANNA) 

G?« gamma 

AG 12 -AASIG 2 -G 1 ) 

C 

IF 1 KG.LT, 15 ) GO TO 14 
TFSTmABS(AG 12 -AG 0 L 0 ) 

IF (TFST.GT.. 00000001 ) GO TO 14 
PRINT P» •• FRROR OF AG 12 • m,AG 12 
GO TO lA 

14 IF EAG 12 .lt, , 001 ) GO TO lA 
AGnL0«AG12 

IF (KG.lt, 30 ) GO TO 12 
GO TO 30 
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ORIGJN’AL F;'lv _- 
OF POOR QUALITY 
r 

r ADJUST TABG'T ALTITUDE TO HAVE A POSITIVE 6AHNA 

15 IP (•'ALT.PQ.n 60 TO 31 
H>HO 

OFLH-OElH/2, 

IF IDELH.LT.PO.) GO TO 33 
GO TO 9 
C 

r ADVANCP “ABAMFTER VALIIFS DUE TO ALTITUDE INCREMENT 

16 RC»V*SIN(f;AMHA) 

IF (KEC.FO.l) 60 TO 19 
nFLT-PFLH/(<RCl + BO/2. I 
Dft0IL»<80Ill>B0IU*DELT/7200. 

PFLF«<FLOWl*FL0W»*0ELT/72O0. 

DELF-0FLF4030TL 

I*’ ftMFUFL.GT.DELF) GO TO 16 

H«HO 

OELH-OELH*WFUFL/OELF 
IF (OELH,LT,20. ) GO TO 33 
GO TO 9 
C 

C end ADJUSTMENT FOR MAXIMUM ALTITUDE 

f DfLT (DELTA TIMpI GIVEN IN SECONDS 

C 

17 nELT«WF(tFL*3600»7(FL0W4R0Il) 

WFUEL-0. 

VX-V 

GO TO 19 
C 

C CALCULATION OF ALL PERFORNanCE PARAMETERS FOR EACH ALTITUDE 

16 RFUEL-WFIJFL-DELF 

H1-WD4RFUEL 
APFLU«A6S (Wl-Ul 
IF (ADELM.GT.,1) 60 TO 11 
C 

IF (KALT.FO.il GO TO 19 
WFUf L-RFIIFL 

vx«v*ros (gamnai 

c 

19 GAMMA0»GAMNA*57. 295779 
RrM>RC*60. 

VKT«V*0.592ARA 

IF (KEC.EO.l. AND.KC.EO.il GO TO 21 
IF (KALT.EO.ll GO TO 22 
IF (KFC.EO.ll 60 TO 2A 
C 

20 X-X4( (VX*VXII/2.|R0ELT/6076,115 
T-T4DFLT 

TH-T/3600. 

IF (Kf.EO.l) GO TO 30 
GO TO 23 
C 

21 VX1«V 

GD TO 20 
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ORIGINAL PAGE 13 

OF POOR QUALITY 


c 

22 KK»« 

23 KK«KK+1 

BOIL T»9niL*DELT/3600. ♦BOUT 

C LIST RESULTS IF VEHICLE IS AT EVENT ALTITUOE# STANDARD ALTITUDE 

C OR INITIAL ALTITUDE 

ATENP«ABS(H-H2) 

PTENP«ABS(H-H3) 

IF ( ATENP.lt. 1.. OB. BTEMP.it. 1.) GO TO 2A 

IF IKK.FO.5) 60 TO 24 

VV«V 

IF (KALT.EO.I) 60 TO 24 
r,n TO e 
r 

24 PEPCENT-WFIIEL/T0TALVF4100. 

U2-WT0TAL-T0TALWF+WFUEL 

W0S2-W2/S 

WBITF (6,47) H,X,TH, V,VKT,RCM, GAMMA D,P OVERT, SFC#ETAP, THRUST, VFUEL, 
1PEPCFNT,WOS2,CL,POVSET,BOILT 
KOUNT-KOIINT+KODF 
ifn0E«0 

IF (GAMMAS, LT. 1.0) KPOW-1 
C 

IF (KFC.EO.l) 60 TO 29 

IF (KK.FO.f) KK«0 

IF (KALT.FO.l) 60 TO 28 

IF ( ATfMp.GT.l. ) 60 TO 25 

rL»Cl2 

KPOW-1 

KEC-l 

60 TO 27 

24 IF (BTEMP.GT.l. ) 60 TO 26 
CL-CL3 
KPOW-0 
KFC-1 
60 TO 33 

26 KEC-C 

60 TO 28 

27 H»H-nFLH 

c tc$t fob fuel near exhaustion 

2« IF (WFUFL.6T.0.1) 60 TO 8 

60 TO 30 

29 KEC«0 

IF (WFUEL.6T.0.1) 60 TO 8 
C 

C MAX H for GIVEN CONFIGURATION 

r 

30 PFRCENT«WFUFL/T0TALVP*100. 

WRITE (6,47) H,X,TH,V,VKT,RCM,GANNAn,POWERT,SFC,ETAP,THRUST,WFUEL, 
1PERCENT,W0S2,CL,P0WSET,B0ILT 
KOUNT«KnUNT4KOOF 
KnPF"0 

WRITE (6,48) DELF 
C 

C VEHICLE CAN NOT CLIMB ANV HIGHER, THEREFORE CHANGE TO CRUISE HERE 

WRITF (6,49) 

60 TO 33 
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ORfGlMAL PAC;. i , 

c OF POOR QUALiiY 

31 WRITE (6,50) T0L»0ai 

32 CONTINUE 
H-H-OELH 
HKM«H*CC 

CALI EXPINT(ALT>nit02»13*HKH*SI6NAtK0DE) 

V-VV 

PFRCENT"WFUEL/T0TALWF*100. 

W2-WTQTAL-T0TALWF+WFUEL 
WOS2-W2/S 
VKT«V*0.5<>2A8A 
IF(KK,EO.O» GO TO 70 

WRITE ( 6»^7) H# X»TH»V»VKT> RCN, 6 ANMAD»ROWERT#SFC»E TAP# THRUST# WFUEL* 
IPERCFNT#W0S2#CL»P0WSET #ftOILT 
TO WRITE I6#51l 

TFtH.LT. 60000. ) 60 TO 2C0 
V»V1 

KALT-HALT-1 

33 IF (KALT.EQ.l) 60 TO I 
VA>V 

WA-WO«WFUFL 

VA«V 

CL-CL3 

rn«cno*ACK*CL**2 

RCM-0. 

GANNAO-O. 

K6»l 

KPOW-KPQUCC 

KKaO 

KFC-1 

K6-0 

IP (HMAX, 6E. 70000. > HMAX-TOOCO. 

IF nwtiAX-H).6T.500.I GO TO 3« 

•'■.LHaHNAX-H 
GO TO 35 

34 nFLHaPELHI 

35 HAaH 
KPOWaO 

RH0a0.0023769R4*SI6MA 
VaS0RTU2.*W0S2)/(RH0*Cin 
VKTaV*0. 502494 
OaO.*TRHO*V**2. 

raco*o*s 

1 -^USTaO 

P0WERa(D*V)/(FTAP2*550. ) 

P0WERTaP0WFR4PAC 

CALL ENGINE (HA# KFUEL#KPOW*PQWERT#FLOWA»SFCA#KOOE#SFCEN6#POWSET) 
CALL PEPTK(WFUEL»BniLA#MA#KFUEL) 

CALL ALTNAX(W00S*CL3»CD»KFUEL#SFCEN6#PAC#ETAP#W0#HNAX#-1#P0WSET} 
WRITE (6#47IH#X#TH#V»VKT,PCN»CANMAO»POWERT#SFCA»ETAP#THRUST#WFUEL» 
lPPRCENT#wn<2#CL#P0WSET#B0ILT 
CL«r».3 
VAaV 

C0aCn04ACK*CL**2 

36 MBaHA40ELH 

IF (HB.GT.HMAX) HBaHNAX 

KPOW«-l 

CALL CRCH 

HA«M6 
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ORIGSN.-'L 

K6C-0 OF POOR QUALItY 

wA*wn 

IP nw«-WO»,LT.0.01) fiO TO 39 
IF (HR, 6E. 70000, » 60 TO 37 
IF (HB,FO,HMA)(» GO TO 39 
GO TO 36 
37 KFC-1 
KPQW«0 
HAa70000. 

HKN* 70000, AO, 00030AR 
OW-WFUEl/10, 

CALL FXPINT ( ALT#0l»02»15*HKH#SIGMA»K0DE » 

PH0»0,002376«PA*SIGMA 
3« WB-WA-OW 

WFUEl»WFUEL-bm 
CALL CRUISE 

IF (ABS(UR-WO) ,LT,0,01 ) 60 TO 39 

WA«WB 

KFC-0 

GO TO 38 

39 IP (K0UNT,F0,0) go to AO 

write (6,5?) KOUNT 
I CONTTNUF 

AO FNPIUTH-THCM 

200 CONTINUE 

GO TO 77 
Al STOP 

C 

A? FORHAT (5A10) 

A3 format (//,2X,AX,AHALT,,3X,5HRAN6E,3X,AHTIME»2X,13HTRUF AIRSPEED, 3 

1X,3HR/C»3»,5MGAMMA,2X,BHE, POWER* 3X,3H SFC , 3X, 5HFTA-P, 2X,6HTHRUST,3 
?X,13HFUFL IN TANKS,?X,3HW/S,5X,2HCL»2X,«)HTHRnTTLe,2X, THBOILOFF// 

, 6X,AM(FT),AX,AHN MI, 

3 3X,AH(HR),3X,'!H(FPS),?X,AH(KT),3X,5H(FPM),2X,5H( DE6),AX,AH(HP 

A),2X,10M(LP/HP-HR),7X,AH(LB),5X,AH(LB)»5X,lHt,3X,5H(PSF),12X,lHt, 

6 6X,AH(LB)/) 

AA FORMAT ( lHl///2X,5A10//,2X,lOMPROPULSinN» 20X,12HAER00YNANICS,9X,AH 

1WING,13X,15HWFIGHTS, LB (N ), lOX, 21HVEHICLE TRIP SCHEDULE) 

A5 format ( /6X,5HFUFLI,IX,A10,11X,3HAP-,F6,2,9X,2HS-,F5. 1, IX, 3HFT2, AX 

1,RHPAYLOAOI,F7,0,1X,1H(»F5,0,1H),AX,2HCL» 5X,23HALTITU0F, FT/iOOO, 
?(XH), /,AX,7HF.X61NE»,F6,0»1X,6HSHP-SL»10X.2HE-,F6.3,10X,IH«,F6,0, 3H 
3 M?,7X,5HFUELl ,F7,0,2H (,F 5,0, IH), F7,2 ,F 7, 1, AH TO , F A .1 ,?X, 1 H( , F A, 
Al ,lX,^HT^,F5,l,lH),/llX,lH(,F5,0,6HKW-SL),9X,AHC00•,F6,5,7X,AHW/S• 
5,F5,l,AH PSF,8X,5HOW£i ,F6,0,IH(,F6,0,1H),F7,2,F7,1,AH TO ,FA,1,2X 
6,1H(,FA,1,AH to ,FA,1,1H)/5X,6HAUX Pl,FA,l,5H HP (,FA,2,AH KW),2AX 

7.. 2H» ,F5.0,3H PA,7X,6HT06WI , F6.0, 1H( ,F6,0, 1H),F7, 2, F7, I, AM TO ,F 
RA,1,2X,1H( ,FA,1,AH TO ,FA,1*1M)/) 

A6 FORMAT (//,?X,ieHVOLUi£S, FT3 (M3 ) i , 3X, BHP AYLQAf'M,F 6,2, IX, 1H( , F6, A, 
12H)),9X,5HTANK«,F6.2*lX,lH(,F6.A,2H)|,9X,8HBALL0QN>,Fe.0,lX,lH(*F6 

2.0. 1H)/) 

A7 FORMAT (Fll,l,FP.l,F7,2,F7,l,F6,l,F9,l,F5.1,F9,l.F9,A,F6,3,2F9,l,F 
17,1,F6,2,F7,2,F8.1,F8.2) 

AB format (20X,6HDELF« ,F20,3) 

A9 format (2X,32HVEHICLE CAN NOT CLIMB ANY HIGHER) 

50 format (6X,AHT/L*,F10,5,6X,AHL/D>,F10. 5// ) 

31 FORMAT (2X,18HCRUISE STARTS HERE) 

52 FORMAT (30H INTERPOLATION OUT OF RANGE ,IA,7H TIMFS* 

END 
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original 

OF POOR QUALITY 


C 

C 

C 

f 

c 

f 

c 

c 

c 

c 

c 

c 

c 

c 


c 


c 


c 


c 


r 

c 


SUBRQI'TINF EN6 INE ( H, I FUFL» I^OW# POWER# F LOW* SFC»K0DE» Sf CENG#PERCTP I 

CALCULATinN OF engine PFRFORNANCE 


INPUT! H-ALTITU06.FT 

IFUEU 1-JF6»2-CHA»3-H2 

IPOWi 1-NCR#2-.75NC»# 3-.&ONCR# A-.25HCR»0-0PEN THROTTl F 
OIITPUTi Finw-FIIFL FLOW»LB/NR 

SFC-SPFCIFIC FUEL CONSUHPTION#Lfl/HP-HR 

IF IPnW EQUAL ZERO# OPEN THROTTLING POWER IS INPUT 
IF IPOW NOT EQUAL ZERO* POWER IS OUTPUT 


DATA ALT(FT)#FULS/HR)»SHP(HP» 

DTPENSION ALT(15)# FL(15»A)» SMP(15#A)# flOWR(A)# HPR!A)# SFTRCAI 
DIMENSION SFCFLI3)»P(2) 

f'ATA ALT/0.#M.E3#l0.e3»19.E3,20.F3,25.E3;30.E3»35.F3> AO.F3»A5.E3#5 
10.F3»55.C3#6n.F3#65.E3#70.E3/ 

DATA ( (SHP ( I# J »#I«l#l5)# J-1#A» Z650.0#6 50.0#650. 1# 500, 1# 508.2# A32 ,2 

I# 350. 5# 2 50. A, 101.2, 1 A7 . 2#113.9»90. # 70. * 55. # A5 .# 650.0# 60A. 2# 5AA. 7# A 
2F6.O#A31.3#371.6#315.A#2A1.3,107.5, 1AA.3# lll.A#90.»70.,55.,A5.#AAl 
3.?,A?P.8,A0A.3,375.2#3A3.3#305.3»266.fl#200.0#15A.3#117.l#d9.6#67.» 
A55.#AA.# 35. #22 7.1, 236. 9# 239. A# 230. 3# 23 A, 8# 221 . 2»200.8#1 A5.0# 110. A# 
50] .9#fi7.5#52.#A3.#36.#32./ 

DATA ((FL(I#J )# 1-1,15)# J»1# A)/ A17.7#3«A.0# 370.9# 3A3.A#205.8» 255.6# 
12Ol.R#15".6,129.5,lO5.6#05.8,7O.#56.,A5.,36.,A17.7»36A.e#32A.2#28e 

2.0# 2 5 3. A# 2 20. 5# I « 1. 7# 15 3.0# 127.1 #10 3. 7# 8 A. 1# 70. 0888 # 56. 0207# AA.# 35 
3., 33A, A# 203. 6, 265. 3# 2 37.0# 208. 5# 185.1# 155.9# 129. 3# 106. 9# 86. 3# 69. 5# 
A53.9612# A5.#36.33e8#27.O126#2A3.9#220.6»202.6#l«2.2#163.6#lA7.1# 12 
5A,2#lC1.6,fl3.6#67.1#5B.5011,A5.91A5»37.9395#31.2367#27./ 

DATA SFTR/?5.#50.#75.# 100./ 

DATA SFCFL/0.608A#0. 5113,0. 1905/ 


IF UFUFL.GT.3.0R.ir0W.6T. A) RETURN 
IF (IPOW.GT.O) GO TO 1 
IFdPOW.EO.-l ) GO TO 5 

mp-powep/sfceng 

CALL LINEAR ( ALT# SHP C 1# 1 ) # 1 5# H# HPR ( A) # KODE ) 
CALL LINFAP I ALT#SHP(1#2)#15#H#HPR( 3)#M00£) 
CALL LINEAR ( ALT#SHP(1#3I# 15#H#MPR( 2), KOOE ) 
CALL LINEAR ( ALT#SHP ( 1# A) # 15#H#HPR (11 # KOOE ) 


CALL LINEAR ( ALT, FL ( 1# 1 )# 1 5#H#FL0WR ( A ) #KOOF ) 
CALL LINEAR ( ALT ,FL ( 1# 2 1,1 5#H, FLOWR 13 » tKOOF ) 
CALL LINFAP ( ALT# FL ( 1# 3) # 1 5# H# FLOWR (2 ) #KnOE » 
CALL LINEAR ( ALT#FL ( 1# A ) ,1 5# H# FLOWR ( 1 ) #K ODE ) 


CALL LINEAR ( HPR# SeTR# A# HP#PERCTP#K OOE ) 

CALL LINEAR I SETR,FL OWR # A# RFRCTP# FLOW # KOOE ) 
GO TO 2 

GTVIN PFRCTP# find FLDW.SFC.HP 
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N> O O O h-* o r> o 


ORIGi’!' 

OF POOR QOALITf 


5 CONTINUE 

IP(PFRCTP,6E.SETRm) GO TO 10 

KOPE-l 

I-l 

60 TO 6 

10 IF(PERCTP,lf.SETR(4H 60 TO 11 

I-4 

KODE-1 

6 CALL LINEAR(ALT>SHP(1# I)>15>H»HP»K00E) 

CALL LINEARULT»PL(1«I )#15*H»FLQWf KODE) 

GO TO 7 

11 I-l 

13 I-I+l 

IF(PFRCTP,LE.SETRnn 60 TO 12 
GO TO 13 

12 I1«I 
r«i-i 

P(1)-SETR( I) 

P(2)-SETR(11) 

r 

CALL LINEAR(ALT,SHi»Cl»II,15,H»HPR(2>#K0DEl 
CALL LINEAP(ALT*SHP(1»I1)»19#H#HPR( DfKOOE) 
CALL LINEAR (ALT, FL 11*1) »1?»H,FL0WP (2) »KnOE) 
CALL LINFAP(ALT,FL(l.Il)*15,H,FL0i(R(l),K0DE) 
CALL LINEAR{P,HPR*2,PFPCTP,HP,K0f)E) 

CALL LINEAR(P,FLQWR,2,PFRCTP,FL0W*K00E) 

7 CONTINUE 
POWEP«HP*SFCFNG 
GO TO 2 

POWER SFTS AT 100t,75T,50t, OR 25t OF NCR 

CALL LINEAR C ALT,SHP( 1, IPOW) » 15* H*HP,K OOE ) 
CALL LINEAR ( AL T,FL ( 1, I ROW ), 15, H,FL OW, KOOE ) 
POWE»"HP*SFCENG 
PERCTP-25.*(5.-lPOM) 

ADJI'ST fuel FLOW FOR DIFFERENT FUEL. 

CONTINUE 

FL0W-FLnw*SFCFL(IFU£L)*SFCEN6 
SFC-FLOW/POWER 
RETURN 
FND 
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ORIGINAL PAGE 
OF POOR QUALITY 

SUBROUTINE ALTNAX <WOS»CL#CO»KFUEL* SFCEN6#PAC#ETAR#W»HHAX*KP0N» 
. POMSETI 

COMMON /ATMO/ ALTTIA)# PlCl5l»P2Cl5W0ia5»*02a5)»ALT a5|»TKIA| 

C 

C CALCULATE MAXIMUM ATTAINABLE ALTITUDE 

C 

1 K«0 
M.55000. 

OFLH-5000. 

2 H-H+OELH 
HKM>H*0. 0003048 

CALL EXPINT I ALTfOl»02»15»HKM»SIGMA#KOOEI 

PH0-0,002376884*SIGMA 

K»K4l 

V-S0PT<(2.PW3S)/CCL*RH0U 

OOL-Cn/CL 

D-OOL*W 

CALL ENGINE (H»KFUEL»KP0«»P0MERT»FL0W» SFC#KaOE*SFCEN6#PONSET| 

POWEP-POWERT-PAC 

T«CP0W6R*FTAP*550.»/V 

TF lABSIT-OI.LT.O.Ol) GO TO 4 

IF (T.GT.O) GO TO 2 

IF (K.GT.l) GO TO 3 

K«0 

H-H-6000. 

GO TO 2 

3 h-H-DFLH 
OFLH-nFLH/2. 

GO TO 2 

4 HH A X *H 

IF (HMAX.LTt60000,»AN0.KP0W.GT»l ) 60 TO 5 
PFTUPN 

5 KPOW-KPOW-l 
GO TO 1 

C 

END 


SUBROUTINE INTEBPCPRESS»PROPT»LL#KCOI 
DIMENSION PR0PT(2#9#6» 

C INTERPOLATION — DATA STORF IN PR0PT(Lf8*I)» IF KCO"l 

C SEA LEVEL DATA STORE IN PR0PT(L>9*n. IF KCO-0 
C 
C 

L«LL-1 

IFIL.EO.OI RETURN 
K«8 

IFCKCn.EQ.OI K-9 
C 

K00E>0 

IFCPR0PT(L«1»2).LT.PRESSI GO TO 1 
on 10 J*i#6 

PROPTCLtKf J}«PR0PT(L»1*J) 

10 CONTINUE 
KODE-l 
RETURN 
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CRIGiiMAL PAGE iS 
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c 

1 If (PRQPT(L»7»2).GT. PRESS) GO TO 2 

on 11 J>1»6 

PROPT<L»K» J)«PR0PT(Li7» J) 

KPPE-2 

11 CONTINUE 

RETURN 

2 1-1 

3 I-l+l 

If (PR0PT(L*I»2) .GT. PRESS) 60 TO 20 

GO TO 3 
20 I2-I 

II-I2-1 
00 13 J«l»h 

PROPT(L»K» J) — UPROPT(L#Il»J)-PROPTa» 12» J ) ) ♦ < PROPT <L#I 1» 2) 
. -PRESS)/ (PR0PT(L»I1»2)-PR0PT<L»I2.2) )) + PROPT(L»Il»J ) 

13 CONTINUE 

RETURN 
END 


SUBROUTINE LINEAR ( X, Y» N»AX» AV»KQOE ) 

LINEAR INTEPROLATION ROUTINE 

input array X — INOE PENDENT VARIABLE) INPUT ARRAY Y — DEPENDANT VARI 
N - SUE OF ARRAYi-^UST be LESS THAN 100) AX - INPUT POINT) 

AY _ CORRESPENOING Y VALUE OUTPUT 

DIHENSION X(100)» YUOO) 

IF (AX.GE.X(l)) GO TO 1 
AVY(l) 

KOOE-1 
RETURN 

TE UX.LE.X(N)) GO TO 2 
AY»Y«N) 

KODE-1 
bfturn 

I- I 

II- I+l 

TF lAX.NE.xm) GO TO A 
r AX- xm 

AY-Yll) 

RETURN 

A If I AX«GE«X(I1) ) GO TO 9 

c xm<Ax<xm) 

AY.Vn)A|AX-X(I))*IY(Il)-YCI))/<X(Il)-Xm) 

RETURN 
5 l-Il 

60 TO 3 
END 


' i 
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c 

c 

f 

c 

c 

c 


1 


c 

c 

r. 

7 

3 


A 

9 


SUBROUTINE EX»1NT (X » Yl . Y2*N» AX» AY» KOOEI 


OF POOR 


PAGc /S 

Quality 


DINEN<;iON X(IOO)# YKlOOl* Y^(IOO) 


IXP0NENTI41 INTESBOLATION TO SUPPLY COEPPICIENTS FOP DENSITY 
AND PRESSURE RATIO EOUATIONl AY» f**<Yl*X ♦ Y2RXR#2) 


IS (AX.GE.vlin 60 TO 1 
L-1 

KODE-1 
60 TO 9 

IP (AX.LT,X(N»» 60 TO 2 
l»N 

KOnE«l 
60 TO 5 

«(!)<• AV<« X(N) 

I - l 

II - lAl 

IF (AV,6F.xmn 60 TO A 

t-I 

60 TO 9 
I-Il 
60 TO 3 

AY«E»P(-Y1(L)*AX-Y2(L»*AXAAX/100.) 

RETURN 

FNO 


SUBRDUTINF balloon (Hf WLIFT»V0LUHE) 

r 

C calculation of BALLOON SIZf TO SUPPORT ITSELF AND RPV 

C INPUT* AlTITlIDf AND THF WEIGHT OF THE VEHICLE 

f M-aLTITUPF(PT»»WLIFT-WE!6MT OF THF VEHICLE ( L9F I* VOLUNE«(CU FT) 

f balloon is 99X HELIUH AND 9t AIR* 

C R-6AS CONSTANT 8.317 JOUl E 7KELVIN-N0L E 

C 

r 

CONHON /ATNOE ALTT ( A ) * PU 1 9 ) » P2 ( 1 9 ) »01 ( 1 9 ) *02 1 1 9 ) * ALT ( 19) » TK I A I 

r 

HKN*h*0.00030A8 

P0«101329. 

RH00*l*2290 

CALL LINEAR |ALTT*TK*A,HKN»TA»K00E) 

CALL FXBINT (ALT* P1*P2*19#HKH*PRATI0*K0DE) 

CALL FXPINT C4LT,01*02»19»HKN,SI6NA#K00E) 

PA>PRATIO*BO 

RH0»SI6HA*RH00 

WH*t A.002*.99 a28.96AA«0.09)/1000. 

R-B.317 

TFNP*RH0-(WH«PA)/(RPTA) 

VnLUHE«WLIFT/TEHP70*02B31689 

RETURN 

END 
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ORIGINAL PAGE \\i 
OF POOR QUALITY 


^ub?outine system (0ENSITY»WSYS»WF*KCASE » 

CnMMnN/SYS/TA»RHA#TIN#l>HIN>RAOIUS»VOLTANK»AREAT»ftATIO»CnNOUCT 
C CALCULATE FUFL SYSTFi WFIGHTvFUEL ME 1 «HT#TANK RAOIUS»AND LEN 6 THj> 
C AT START OF 'LIGHT. 

C CONSIDER THICKNESS OF THE INSULATION AND AlUNINUN OF THE TANK. 

C 

COHMON/PlC/Pt 

C 

C 

PATia 2 -RATin* 2 . 

IF(KCASE.E 0 . 2 ) go to 20 
B»WSYS- 29 . 

C FUEL SYSTEM WEIGHT INCLUOFS PUMP AND FUEL LINE. 

Pl-1. 

GO TO 8 

20 91 -PAPIUS 

8 CONTINUF 

P 2 -R 1 *TA 

P 3 -P 2 +T 1 N 

Pl«Rl*RATIP 2 

VI«R 1 ** 2 .FPI*(RL*A./ 3 .*R 1 ) 

V?«R?** 2 .FPI*(RL*A./ 3 .*R 2 » 

V 3 »R 3 ** 2 .*PI*(RL*A./ 3 .M» 3 > 

VlP» 2 ,*Rl*Pl*(RL^A./ 3 .*Rl)*Rl*# 2 .*PI*(RATI 02 *A./ 3 .» 

V 2 P- 2 ,*R 2 *PI* (RL^A./ 3 .*R 2 )*R 2 FF 2 .FPI*(RAT 102 *A./ 3 . J 

V 3 P« 2 ,*R 3 *PI*(RL^A./ 3 .*B 3 | 4 R 3 F* 2 .*PI*CRATI 02 ^A./ 3 .) 

TWIN«(V 3 -V 2 )*RHIN 

TwAL-(V2-Vn*RHA 

TWLM 2 «Vl*nENSITY* 0.0 

IF (KCASE.EO.P) GO TO 21 

jr.8-TWTN-TWAL-TWLH2 

IF(A 8 S(X).LE. 0 . 0001 ) GO TO 10 

0 K»-( (V 3 P-V 2 P)FRHIN+(V 2 P-VIP)FRHA>VIP*DENSITYF 0 .GI 
P 1 «» 1 -X/ 0 X 

GO TO 8 

10 BA 0 I(IS«»I 

21 BlENGTH«RAniUS*RATI 02 
ABEAT-2.*Pl*RAr)IUS**2.*(BATlQ2*2.) 

WIN-TWIN 

WAL-TWAL 

WF-TWLH 2 

WSYS-WIN^WAL^WF^ 29 . 

V 0 LTANK-RA 0 IUS** 3 .*PI*(BATI 02 ^A./ 3 . ) 

BETURN 

FND 

'UBRnUTINE BniLnFF(AREAM«CONOUCT»TlN»OFLT*GOIL>PROPT*U 
C 

C CALCULATE OF AOILOFF FOB GIVFN FUEL AMO FLUX 

C 

C INPUT ARFAW#CONOUCTIVITY» THICKNESS Of INSULAT 10 N«TEHPERATURF 

C GBAOIFNT.ANO LH 2 PROPERTIES. 

C nUTPUTi 80 IinFF*lFF/HR. 

f 

niNENSION PB 0 PTC 2 * 0 * 6 ) 

0 «C 0 NDUCT*AREAWB 0 ElT/TIN 

BOIL -O/ (PBOPTILtRfOl'PB OPT IL*B» 9)1 

return 

FNP 
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SUBROUTINE CRCN 


original 13 

OF POOR QUALITY 


C 

CCMHON/0L/BnU»aOlLT,BOILA 

CONNON /aero/ CL»C0»RHn»S»0*THRUST»HA»H3>VA 

CONNON /ENC./ RAC>ETAP2»KPOW»SECFNG#SFC#SFCA»FL04«FLOHA»POWSET>KEUE 
U»HNAX 

CONNON /wriGNT/ WAfDW>WP,WFUFLfWFtWO 

COMMON /START/ AGOLD * OELH, GAMMA#KK, KC * KEC*RFME'.»RC# V» VX# VKT# T» TH#X 
1»K00F»KALT,KG»K0UNT 

COMMON /ATMO/ ALTT(<»),Pl(15).P2(l5l,Dia5»»02a5l»AlTC15J»TK(^) 

r 

C CRUISE CLIMB CALCULATIONS 

C 

XK«KK-»1 
KALT«KALT*1 
GO TO 2 

1 HA«HP*0ELH 

IF (HB.GT.HMAX) HB-HMAX 
? HKM-Hfi^O.OOOIOAP 

CALI EXPTNT (ALT,fU,n2>15»HKM#SI6MA»KOOEl 
RMO-0.002376 RPA ♦sigma 

CALL engine (H3,KFi|FL»KPnw,POWERT# flow#, $FCB»K00E»SFC eng* POWSET) 
CALL PFPTK (WFUFL»BOIL«*HB»KFUEL ) 

POWFP»®nuFPT-PAC 

IF (HM.NE, UMAX. OR. HMAX.EO. 70000.) GO TO 3 

WM-Wp 

60 TO A 

3 WCU»(FTAP?*P1WER*550.*CL/C0)**2.*S*RHQ*CL/2. 

WP-WCUPP I1./3, ) 

A DW«WA-WP 

IF (OW.LT.O.) GO TO I 
VB«n2.*W«)/(CL*S*RM0) 

V»CVAPVB)/?. 

FL0W*(PL0WApFL3WB)/2. 

*riL»fBOILA*BOlLB) /2. 

OFlTM«OW/IFLnW4B01L» 

DX.3<>00.*nFLTH*V/ft076.1l5 

unS*(UAPWP)/(2.PSI 

x«x*nx 

TM.TH40ELTH 

pP01L»nELTH#B01L 

B0IIT-I0UT40B01L 

VXT-VP0.9O2ABA 

5FC-($FCA*SFCB)/2. 

THRUST-ET AP2* POWER *550. /V 

WFUEL-WFUEL-OW 

PFRCENT«WFUEL/WF*100, 

RCMaO 

GAMMAD-O 

W*ITP HB» X»TM»V*VKT*RCM*GANMA0»P0WERT*SFC*FTAP2»THRUST*UFUEL 

1* PERCENT, WOS»CL# ROWSET* BOUT 
KnUNT>KOUNT«KOOE 
XOOE-0 
SFCA*SFCB 
FIOWA-FLQWB 
BOILA-BOIl R 
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ORIGINAL PAG'i IS 
OF POOR QUALITY 

V«*VB 

PFTIJPM 

C 

■5 FOHM4T («=ll.l»F8.l»F7.2»F7.1.F6.1*F9.l»F5.1»F9.l»F9.4»F6.3»2F9.1#F 
17,1,F6.2#F7.2,FB.1,F8,2) 

FNP 


SURROUTINF CRUISE 
COHMON/BL/BOU^BOILTfROUA 
C 

C rALCULATTON TF CRUISE PERPORMANCF PARAMETERS AT CONSTANT AL.'ITUDI 

C OPEN THROTTLE 
C 

COMMON 7AFRC/ C L » CO» RHO» S * H, THRUST# HA» HM» VA 

COMMON /ENC,/ PAC»ETAP2#KPOW»SFCFN6#SFC#SFCA#FLOW#FLOWA»POMSET#KFUE 
IL»HMAV 

COMMON /WEIGHT/ WA#OW#WP»WEUPL»WF»WO 

COMMON /start/ Ar,0L0#DFlH#6AMMA#MK#KC, RFC#RFUEL»RC#V# V<#VMT# T# TH#K 
l»KOOF#KALT»Kr,»KrjlJNT 

common /ATMO/ ALTT(A)#Pm5)»P2a5l,PlC15»#,>2U5)#ALT(15l#TKlA) 

C 

C 

RCM-O# 

CAMMAO-0, 

KPOWaO 

WOS-(WA«WR) /( 2.«S) 

PFRCENT«wFUEL/WF*lOO. 

V-SQPT( (2.PW0S ) /(RHO*CL ) ) 

0»0.5PRH0*V**2, 
p.f p*0#S 
THRUST-n 

POWEO»(OPV)/(FTAP2P550. » 

POWFOT-POWFR^PAC 

CALL engine (HA»KFUEL»KP0W#P0wERT»FL0W#SFCaK00E»S?CEH6#P0MSET» 

CALL PERTK (WEUEL#B01L»HA#*(FUEL) 

DPLTH-I WA-WB» /( FL09»R0IL ) 

0v»OFLTHA3ft00.*V/6076,l5 

THaTH^OELTM 

n«OIL«OFl.TH*Af)Il 

POlLTaBOll T*0«0IL 
VKT»V*0.592A«A 

WRITE ha# X*TH#V#VKT#RCM#GAMMA0#P0WERT#SFC*FTAP2#THRU$T#UFUEL 

l#PFRCfNT#WOS#CL#PnwSET»BOILT 
EOUNTaKQUNT^KODE 
KOPF-O 
RFTURN 
C 

I FORMAT tFll,l,FB,lxF7,2#F7.l#Fe),l#F9,l»F5.l»F9,l#F9,A#F6.J#iF9,l»F 
17.1#f«.2#F7.2#F8.1#F0.2) 

FNO 
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ORIGJMAl PaC^H !3 
OF POOR QUALITY 


SURROUTINE TANK ( VFUEL* R>RL» HEIGHT* ARE* W) 

CALCULATE HEIGHT OF THE FUEL AND THE WETTED AREA, 


F(H)» VFUf L-( ( RA*2<>ACnS((R-H )/R)-(R-H )**••, 5) *RL^PI*R*H**2- 
1 (l./3,)*PI*H**3) 

0F(H).-(2,*RL*A**.5+PI*A» 

PI-3.1AX50265 


INPUTS* FUEL VQLU*<E»TANK RADIUS AND LENGTH. 

USES NEWTHH-RALFSON FORMULA TO FIND HEIGHT 

INITIAL GUESS 

HP* P 

« A« 2.*R*HP-HnP*? 

FCHO) 

IF(ABS(*».LE.O.OOl) GO TO 10 
OX- OF(MO) 

H0« HO-X/PX 
r-(P-HO>/p 

IFUBSIO.lE.l.) GO To P 
STOP 

10 HEIGHT* HO 

APE AW. 2,*PIPR*HEIGHT + 2.*P*RL*AC0SnR-HEIGHTI/Rl 

RETURN 

END 


SUBRPUTtNF pFRTKtFUELW*&01L»H*K) 

CALCULATE BOILOEF FOR GIVEN TANK AND AM0IENT CONDITIONS 

COMMON AATMOA ALTT(A),Pm5)*P2(lS)*01(15)*02(19l*ALT(15)*TK(A)> 
, PP0PT(2,D*6) 

CnMMON/SYS/TA*RHA*TIN,RHIN,RAPIUS»VOLTANK*AREAT*RATIO*CONOUCT 

l«K-l 

oniL-O, 

if(l.eo.o.) return 
VEUEL«EUFLH/PR0PT(L*B»3I 
RLENGTH.?.*PADIUS*RATIO 
HM.O,00030A8*H 

CALL LINEAR(ALTT*TK,A»HM,t»KOPE) 
DIEFT.AB$(PR0PT(L*«*1)-(T*1,B-459.67) | 

CALL T ANK ( VFUEL *R AOIUS* RLE NGTH* HEIGHT* ARE AW) 

CALL B0ILOFE(AREAW*CnNDUCT*TlN*0IFFT*B0lL*PR0PT*L) 

RETURN 

END 
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ORIGINAL 

OF POOR Q J^urr 


SAMPLE INPUT 


baseline vehicle fueled by JP7 

JOF KFUEL»l 1 

SIN TA*,l5#TINa6, S 

BASELINE VEHICLE FUELED BY LIQUID METHANE 
SOF KFUEL»2 S 

SIN TAa.l5fTINs3.*RATI0*4, S 

BASELINE VEHICLE FUELED BY LIQUID HYDROGEN 

SOF KFUEL»3#DELHI*100, S 

SIN TA*,15#TINs6.*RATI0*4. S 

EXTREME JPT-FUELEO CONFIGURATION 

SOF KFUEL-ltHSTARTsl000O.tARs30.«WOS»5.tENGSIZEs400. 

TOTALWF*500.*PAC=5,.KGW*0tSWF*.3 S 
SIN S 
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TABLE I - BASELINE VEHICLE CHARACTERISTICS 
Aerodynamic characteristics 
C|^ schedule: 


Sea level to 40,000 ft 0.8 

4C.000 to 70,000 ft 1.0 

Cruise-climb or 70,000 ft 1.2 


Oswald efficiency factor 0.8 

Propulsion system 

Engine power (sea level to 10,000 ft), hp 660. 

Power supplied to systems and payload, hp 2. 

Throttle schedule for climb, percent: 

Sea level to 40,000 ft 25. 

40,000 ft to 70,000 ft 100. 

Vehicle P/W, hp/lbf 0.22 

Propeller efficiency factor, np 0.8 

Geometry and weights 

Wing: 


Aspect ratio 20. 

Reference area, ft^ 375 . 

Span, ft 86.6 

Weights, Ibf: 

Payload 200. 

Engine, systems, and propeller 367. 

Structure and systems 1200. 

Fuel, fuel system and tank 1233. 

Takeoff gross 3000. 

Wing loading at takeoff gross weight, Ibf/ft^ 8. 
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TABLE II. - FUEL AND FUEL-SYSTEM CHARACTERISTICS 


FUEL 

JP-7 

LIQUID 

METHANE 

LIQUID 

HYDROGEN 

Heating value, 
Btu/lbf 

18604 

21518 

51593 

Storage temperature, 
OF 

ambient 

-259 

-423 

Storage pressure, PSI 


50 

50 

Heat of vaporization, 
Btu/lbf. 


3271 

172 

Fuel specific volume, 
ft3/lbf. 

.023 

.042 

.251 

Specific weight of 
tank and fuel system 
Ibf/lbf-fuel 

.086 

0.25 

1.17 

Usable tank volume, 
percent 

100 

90 

90 


35 







ORIGINAL PAGE IS 
OF POOR QUALITY 


TABLE III - FLIGHT PROFILE AND PERFORMANCE OF BASELINE CONFIGURATION 


FUEL 

JP-7 

LIQUID 

METHANE 

LIQUID 

HYDROGEN 

Takeoff: 




Wing loading, Ibf/ft^ 

8.0 

8.0 

8.0 

Fuel weight, Ibf 

1136. 

984. 

568. 

60,000 feet: 




Wing loading, Ibf/ft^ 

7.8 

7.8 

7.9 

Fuel remaining, percent 

93. 

93. 

94. 

Elapsed time, hr. 

1.3 

1.3 

1.4 

Initiation of cruise-climb, ft. 

61,000 

61,000 

61,000 

Fuel -exhaustion point: 




Wing loading, Ibf/ft^ 

5,0 

5.4 

6.5 

Altitude, ft 

70000. 

68896. 

65075. 

Cruise segment:* 




Endurance, hr. 

43.36 

42.85 

44.36 

Range, n.mi. 

6346. 

6283. 

6533. 


*Note: endurance and range after vehicle reaches 60,000 feet altitude. 
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(a) Tractor-propeller configuration 



Figure 1.- Representative vehicle designs that correspond 
to baseline configuration specifications. 
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75% 

50% 

25% 



(a) Available engine power for all fuels. 


Figure 2. - Performance of C50 horsepower engine. 
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Throttle setting 
Maximum cruise 
75% 

50% 

25% 



(b) Fuel flow for JP-7 fuel. (Fuel flow for other fuels is 
proportional to heating value.) 


Figure 2. - Continued. 
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Tiuivttle setting 
Maximum cruise 
76% 

50% 

25% 



Specif<c fuel consumption for JP-7 fuel. (Specific fuel 
consumption for other fuels Is proportional to heating values.) 


Figure 2. - Concluded. 
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Figure 3. - Weight gain for current conventional motor gliders. 
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Figure 4. - History c, flight parameters for baseline configuration. 
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Figure 4. - Concluded, 
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Figure 7.- Variation of endurance, range and maximum attainable 
altitude with both power loading and wing loading for 
liquid-methane fueled vehicles. TOGW » 3000 Ibf. 
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Figure 11.- Effect on endurance of changes in various 
parameters from baseline values. 
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Figure 12.- Effect on endurance of changes in various 
parameter for three different fuel systems. 
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